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XXXVIII. A Letter from Mr. T. Mclvil to 
the Rev. James Bradley, D. D. F. R. S. 
With a Difcourfe concerning the Caufe of 
the different Refrangibility of the Rays of 
Light. 


S I R, 

Read March i/‘|1HO' I have not the honour of your 
*7 S3- J[ acquaintance, I have prefumed to 
addrefs the inclofed paper to you, relating to optics 
and aftronomy. The unwearied zeal which you have 
fhewn, Sir, for the improvement of thefe fciences, 
made me conclude, that whatever has an appearance 
of truth or novelty on fuch fubjeCts, tho’ inconfidera- 
ble in itfelf, might not be unacceptable to you. Be- 
fides, among all the focieties of the learned in Europe, 
I could think of no abler judge to confult on thefe 
matters, than the author of the “ Aberration of Light, 
“ and of the Variation of the Preceffion of the Equi- 
“ noxesthe two greateft difcoveries, without 
doubt, that have been made in aftronomy for half a 
century. Perhaps you may be able. Sir, from the 
many accurate obfervations you have already made, 
to decide the queftion relating to the velocity of lights 
or, at leaft, to determine, whether the obfervation 
propofed be practicable : for I am very fenfible, that 
many obfervations, which appear eafy in fpeculation, 
cannot be put in execution. 

If you find any thing in the inclofed worthy of the 
public view, you are at liberry to lay it, in whole, or 
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in part, before the Royal Society, or to make what 
ufe of it you pleafe. I am, 

S I R, 


Geneva, Feb. 2, 
*753* 


Your moft obedient humble fervant, 


T. Melvill. 


Concerning the Caufe of the dsfferent Refran- 
gibility of the Rays of Light, by Mr. T. 
Melvill. 

Read March 8, j, TT N order to account for the diffe- 
*753* rent refrangibility of the different- 

ly-colour’d rays. Sir Ifaac Newton f*, and feveral of 
his followers, have fuppofed, that their particles are 
of different magnitudes or densities; but if there be 
any analogy between the refractive power and gra¬ 
vity, it will produce equal velocities in all particles, 
whatever their magnitude or denfity be j and fo aU 
forts of rays would be equally bent from their right 
lined direction. 

2 . It feems therefore a more probable opinion, 
which others have advanced, that the differently-, 
colour’d rays are projected with different velocities 
from the luminous body j the red with the greateft, 
violet with the leaft, and the intermediate colours 
with intermediate degrees of velocity j for, on this 
hypothefis it is manifeft, that they will be differently 

refracted 
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refradted in the prifmatic order, according to obfer- 
vation. 

3 . On fuppofition, that the different refrangibility 
of light arifes folely from the different velocities of 
the rays before incidence, thefe velocities muff be to 

one another nearly as their fines of refradtion.-I 

fay nearly j for their exadt proportion cannot be dis¬ 
covered, but by the folution of the following pro¬ 
blem, which I take this opportunity of propofing to 
the learned: 

If two bodies fall, in equal angles of incidence, on 
a /pace terminated by parallel planes, in which 
any power adts perpendicularly to the planes 
(according to the hypothefis in Prop. 94 , Lib. I. 
of the Principia ) the ratio of the fines of emer¬ 
gence to the common fine of incidence, and 
confequently to one another, being given, to 
determine the proportion of their velocities at 
the time of their incidence on the firft plane. 

4 . Their velocities in any given medium (fuppofe 
air) being once determined, their velocities in any 
other may be eafily difcover’d; for they are to thole 
in air as the fine of incidence to the fine of refradtion, 
when the ray paffes from air into the other me¬ 
dium "I-. 

5 . While the differently-colour’d rays are fuppofed 
to move with one common velocity, any pulfes, ex¬ 
cited in the scthereal medium, muff overtake them at 

equal 
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equal diftances 3 and therefore the intervals of the fits 
of reflexion and tranfmifiion, if they arife in this 
manner, as Sir Ifaac conjectures, would be all equal: 
but if the red move fwifteft, the violet floweft, and 
the intermediate colours with intermediate velocities, 
it is plain, that the fame pulfes muft overtake the 
violet fooneft, the other colours in their order, and 
laft of all the red 5 that is, the intervals of the fits 
muft be leaft in the violet, and gradually greater in 
the prifmatic order, agreeably to obfervation. 

6. Let c denote the velocity of the aethereal pulfes, 
V the velocity of red light, and XJ that of violet 3 I 
and J the intervals of their fits, and D the diftance 
between two fucceeding pulfes : it is plain, from the 
nature of Newton’s hypothefis, that I is to D t as V 
to C — V: and again, D to J as C— U to U: there¬ 
fore, ex aquo> I is to J, as CF —VU t o CU — VU } 

from which we have the equation 

Therefore, as the proportion between the intervals of 
the fits in red and violet, can be afligned by experi¬ 
ment, and the proportion of their velocities in any 
medium likewife, by Art, 4. the velocity of the sethe- 
real pulfes may be eafily computed. The velocities 
of tnfr red and violet in air are nearly as 78 and 
77. In the celeftial fpaces they are lefs, but almoft 
in the fame proportion 3 the intervals of their fits are 
by experiment as 100 and 63 'f*, from whence, by 
the canon now laid down, the velocity of the aethereal 
pulfes in the celeftial fpace is found to be to that of 

red 


f Newton’s Optics, Lib. II. Part I. Obf. 14. 
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red light as 79763 to 78000. As light moves from 
the fun to us, by Dr. Bradley’s accurate eftimation, 
in 8' 1 a" (a), the pulfes of the ethereal fluid mull 
be propagated thro’ the fame fpace in about 8' 1". 

7. Hence alfo may be determined, in known mea- 
fures, the diftance between two fucceeding aethereal 

pulfes for D = 

8. Upon the hypothefis of the different velocities 
of different colours, we may underftand, at leaft in 
general, the reafon of the Arrange analogy, difeover’d 
by Sir Ifaac, between the intervals of the fits, and 
the fpaces occupied by the feveral colours in the 
fpedtrum (a thing hitherto unexplained {b ); fince,from 
the velocities of the feveral rays, upon which depend 
the intervals of the fits, as has been now explained, 
arife likewife their feveral degrees of refrangibility. 

5>. But, as it is of great confequence in philofophy, 
to diftinguifh between fadts and hypothefes, however 
plaufible, I obferve, that the various refrangibility, 
reflexibility, and inflexibility, of the different colours, 
and their alternate difpofitions, at equal intervals, to 
be refledted and tranfmitted, which are the whole 
ground-work of the Newtonian fyflrem, are to be 
confider’d as undoubted fadts, deduced from experi¬ 
ment ; but that the velocities of different rays are dif¬ 
ferent in the manner now deferib’d, is no more than 
probable conjedture: and tho* this point fhould be 
decided, by a method that we are now to propofe. 


(a) Eames’s Abridg. Tranfadh Vol. VI. p. 157, 

(£) Compare Newt. Opt. Book I. Part 2. Prop 3. with Book 
II. Part 3. Prop. 16 . 
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it would ftill remain uncertain, whether the fits of 
reflexion and tranfmifilon confift in an alternate acce¬ 
leration and retardation of the particles of light, or in 
fomething elfe. For inftance, it might be fuppofed, 
that every particle of light has two contrary poles, 
like a loadftone} the one of which is attracted by 
the parts of bodies, and the other repelfd; and that, 
befides their uniform rectilineal motion, the particles 
of differently-colour’d rays revolve in different periods 
round their centers for thus their friendly and un¬ 
friendly poles being alternately turned towards the 
furfaces of bodies, they might be alternately difpofed 
to reflexion and tranfmifilon, and that at different 
intervals, in proportion to the periods of their rota¬ 
tion. Laftly, tho’ it were proved, that the fits do 
proceed from an alternate acceleration and retardation 
of the particles of light, it would ftill be no more 
than probable conjecture, that this is brought about 
by pubes excited in the aethereal medium. Nay there 
are fome circumftances in thefe phenomena, that 
feem hardly intelligible by that hypothefis alone: as, 
Why the intervals of the fits are lefs in denier me¬ 
diums (a) j and, Why they increafe fo faff, and iii 
fo intricate a proportion, according to the oblk|uity 
of incidence (i). 

io. By Dr. Bradley’s beautiful theory of the aber¬ 
ration of light, the liars appear to be removed from 
their true place to a certain diftance, according to the 
proportion which the tranfverfe motion of the fpeCta- 
tor’s eye bears to the velocity of light. It is plain 

therefore. 


(al Newt. Opt. Book II, Part 3. Prop. J7. 
\b) Prop. 15. ibidem. 
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therefore, that, on our hypothefis, any ftar muft 
have a different apparent place for every different 
colours that is, its apparent difk muft be drawn out 
by the aberration into a longitudinal form, refem- 
bling the prifmatic fpedtrum, having its red ex¬ 
tremity neareft its mean place. In the ftars fitu- 
ated about the pole of the ecliptic, its length 
fhould continue always the fame, tho’ dire&ed along 
all the different fecondaries of the ecliptic in the 
courfe of a year: but in thofe which lie in or near 
the plane of the ecliptic, it fhould be greateft at the 
limits of the eaftern and. weftern aberrations, die ftar 
recovering its colour and figure, when the true and 
mean places coincide. But there is no hope of difj 
covering, whether our fyftem be true or falfe, by 
this cpnfequence of it: for the greateft length of the 
dilated difk being to the whole aberration, as die dif¬ 
ference of the velocity of the red and violet to the 
mean velocity of light, i. e. but about a 77th part 
of it, cannot much exceed the fourth part of a fecond. 

11. The time which the extreme violet light takes 
in arriving from any diftance to the eye, will be to 
that which the extreme red takes in coming from 
the fame, as 78 to 77. If Jupiter be fuppofed in a 
quadrate afpedt with the fun, in which pofition the 
eclipfes of his fatellites are moft commodioufly ob- 
ferved, his diftance from the earth being nearly equal 
to his diftance from the fun, light takes about 41' in 
pafiing from him to the earths therefore the laft 
fenfible violet-light, which the fatellite refledts before 
its total immerfion into Jupiter’s fhadow, ought to 
continue to affedt the eye for a 77th of 41'5 that is, 
about 3 2" of time after the laft fenfible red light is 
gone. It is therefore a certain confequence of our 

L 1 2 hypothefis, 
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hypothefis, that a fatellite, feenfrom the earth, ought 
to change its colour about half a minute before its 
total immerfion, from white to a livid greenifh co¬ 
lour; thence into blue, and at laft evanifh in violet. 
I need hardly obferve, that the fame phenomenon 
mud: take place in the time of emerfion by a con¬ 
trary fucceffion of colours, beginning with red, and 
ending in white. 

12. If this phenomenon be perceived by aftrono- 
mers, we fhali have a diredt proof of the different 
velocities of the differently-colour’d rays, and, con- 
fequently, a mechanical account of their different de¬ 
grees of refrangibility j for I fee not, to what other 
caufe fuch an appearance could be reafonably afcribed. 
If it be not, we may conclude, that rays of all co¬ 
lours are emitted from the luminous body with one 
common velocity. 

Geneva, Feb. i, 1753. 

T. MelvilL 

This paper was delivered to Mr. Short, in order to 
attend to the particular obfervation of Jupiter’s 
fatellites recommended by Mr. Melvill, who 
after fame time made the following report to 
the Society. 

E VER fince this paper of Mr. Melvill’s was put 
into my hands, I have carefully attended the 
emerfions of Jupiter’s firft fatellite thro’ a refiedting 
telefcope of four feet focal length, and with a proper 
magnifying power; but I have not perceived the leaft 
alteration in the colour of the light refledted by the 

fatellite. 
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fatellite, except in quantity. It may indeed be obferved, 
that thefe emerfions are feen fooner or later thro’ te- 
lefcopes of different lengths, and by eyes of different 
goodnefs: and it may therefore be alleged, that there 
is a certain 'quantity of time elapfed between the very 
firft emerfion of the fatellite, and the inftant when 
it is perceived by the very beft eye, aflifted by the 
bell telefcopej and that, during this interval, the 
fucceffion or colours, above-mention’d, is perform’d. 
But our author, in confequence of his hypothefis, 
fays, that this fucceffion of colours may be per¬ 
ceived for the fpace of 32" after the firft emerfion of 
the fatellite; and I am fully fatisfied, from repeated 
obfervations, that the quantity of time elapfed from 
the very firft emerfion of the fatellite, till it is per¬ 
ceived by a good eye, aflifted by a good telefcope, 
can amount only to a very few feconds. So that, 
upon the whole, we may conclude, that it does not 
appear, by the obfervations of the emerfions of the 
firft fatellite of Jupiter, that the rays of different 
colours move with different degrees of velocity. 

But our author’s condufion, that, if the rays of 
light emitted from Jupiter’s fatellites, at the time of 
their immerfion and emerfion, fliould not be found 
of different colours, the rays of all colours emitted 
from luminous bodies will have one common velo¬ 
city, feems only to hold good, on a ffippofition, that 
light is propagated by a continued motion, in the 
manner of a projedtile. 

Dr. Knight, in bis treatife on attraction aid re- 
pulfion (Prop, dp.) has confider’d the propagation 
of light, as performed hy vibrations in an elaftic 
fluid, in the fame manner as found is produced by 

vibrations. 
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vibrations in the air: and he thinks, that it is as eafy 
to conceive how the velocities of the particles of light 
may be different, and yet take up equal times in pro¬ 
pagating their motion from one to another through a 
given fpace, as to explain how founds of different 
tones move with equal velocities. In accounting for 
both, he fhews, that, in a feries of particles, which 
mutually repel each other, the greater their velocity, 
the nearer they will approach other, in communi¬ 
cating their motions from one to another* and con- 
fequently each of them muff move thro’ a greater 
fpace in fo doing: wherefore the fame time may be 
fpent in propagating a fucceffive motion thro’ a feries 
of particles, whofe velocity is greater, if each parti¬ 
cle has to move thro’ a greater fpace, as is fpent, 
where the velocity of each particle is lefs, but is con¬ 
tinued thro’ a lefs fpace. The dilemma, to which 
our author’s reafoning feems to have reduced the 
dodtrine of refrangibility, may therefore be confider’d 
as a probable argument for adopting this hypothecs 
of the propagation of light thro’ an elaflic medium. 


XXXIX. "The Cafe of the Operation for the 
Empyema, [uccefsfully performed by Jofeph 
Warner, F. R. S. and Surgeon to Guy’j 
Hofpital. 

Read j«ne N the ip of March I I did 

* 753 - myfelf the honour of communi¬ 

cating to the Royal Society the cafe of John Hines, 
on whom I had performed the operation for the 

empyema 



